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IN his address before the Geological Society of London, 
delivered Feb. 20th, 1880, Sorby describes sands whose grains 
are bounded externally by crystalline faces, but have on the 
interior the ordinary rolled grains, the quartz with crystalline 
faces having been deposited as a coating on the irregular sur
faces of the original grains. He also states that the deposited 
quartz is in "perfect optical and crystalline continuity" with 
the interior grains, each broken fragment having been changed 
to a "definite crystal." He shows, further, that such crystalline 
sands occur in the sandstones of various ages" from the OOlitt's 
down to the Old Red," and that they are commonly little 
coherent, but that in some specimens" a number of grains may 
often he seen cohering more strongly than the rest; and these 
show clearly that the cavities originally existing between the 
grains have been more or less completely filled with quartz. 
Moreover, on carefully examining the less coherent grains by 
surface-illumination, we can see, not only the planes and angles 
due to unimpeded crystallization, but also more or less deep 
impressions due to the interference of contiguous grains, thus 
proving conclusively that the deposition of crystalline quartz 
took place after the nuclei were deposited as a bed of normal 

AM. JOUR. SOl.-THIRD SERIES, VOL. XXV, No. 150.-JUNE, 1883. 
2~ 



402 R. D. Irving-St. Peter8 alnd Pot8dam Sand8tone8. 

sand. The very imperfect consolidation sometimes met with 
is, perhaps, not so very surprising, when we reflect on the very 
small coherence of many large quartz crystals which are yet in 
close juxtaposition. However, it does seem probable that this 
crystallization of quartz sometimes contributes very materially 
to the cohesion of the grains in bard and compact quartzites. 
In such examples as the Gannister of the South Yorkshire 
coal·field we can see, in a thin section, that the grains fit along. 
side one another in a very striking manner, and it is only by 
extreme care that good proof can be obtained of the actual 
deposition of quartz between them. However, in the case of a 
highly consolidated sandstone from Trinidad, the proof of the 
deposition of quartz is as completfl as possible; the outline of 
the original grains of sand is peJ'f'ectly distinct, and the cavities 
between them are filled with clear quartz in crystalline contino 
uity with the contiguous grains, so that the whole is a mass of 
interfering crystals, each having a sand·grain as a nucleus. 
The rock has thus been converted into a hard quartzite, almost 
like a true quartz rock, but differs from such quartz rocks as 
those of the Scotch HighlaJ?cls in containing no mica crystal. 
lized in situ. All m.Y specimens of these quartz rocks are 
really highly quartzose mica·schists; and, so far, I have failed 
in my endeavors to trace the connection between them and 
true sandstones, though possibly this could easily be done in 
some districts which I have not examined." 

These very highly interesting and important observations of 
Sorhv have received surprisingly little attention, and I had 
miss~d them altogether, so that it was not until after I had 
reached the conclusions and made most of the observations 
referred to in this paper, that I learned that he had preceded 
me by over two years in some of the most important points. 
I am 'able, however, to extend his conclusions in some import. 
ant respects. Wbat he regards as probable, viz: that the 
"cohesion of the grains in hard and compact quartzites" is due 
to this deposition of interstitial quartz, I find certainly true. 
But more than this, I find in certain Arcbrean quartzites, and 
presumably ~be same thin~ is tru~ of t:?uny. more, t~~t the 
.. metamorphIsm" has conSIsted entlrely 111 thIS deposltlOn of 
interstitial quartz. Still further, I find that these same quartz· 
ites urade directly into true mica.bearing quartz· schists, where 
the ;nly change besides the formation of interstitial quartz has 
been the development of mica scales from intermingled kaolinic 
material in the original rock. I may, therefore, with propriety 
publish a brief account of my observations and conclusions. 

I n beginning recen tly a systematic microscopic study of the 
crystalline sch!sts of th~ northwestern stat.es, I sel~cted the 
quartzites as lIkely to Yield the most readIly, to thIS sort of 
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investigation, evidence of the nature of the metamorphism 
involved in their formation. The frequent gradation of the 
most compact, non·granular, often vitreous quartzites into 
plainly arenaceous and even pebbly, water-deposited rocks, 
and the small number of minerals and consequent proba
ble simplicity of any chemical reactions involved, encour
aged me to hope that I might find some clue to the solu
tion of the problem of their metamorphism. I had already 
been led by many considerations to suspect that tbe change 
which the original sandstones had undergone in becoming 
quartzites was rather in the nature of an interstitial depo
sition of quartz from impregnating siliceous waters, than of 
are-crystallization, 01' molecular re-arrangement of the orig
inal quartz grains. Among the things that tended to con· 
firm me in this suspicion was the fact that in the Potsdam 
sandstone of Oentral Wisconsin, which is for the most part 
a loose and even incoherent sandstone, made up of rolled 
quartz grains, I had in my work for the Wisconsin State Sur
vey frequently observed portions which were more or less 
indurated, and plainly by quartz, there being no other indu
rated substance present. 'l'hese ind urated portions are some
times irregular areas and again are confined to certain layers 
intercalated in the usual incoherent material. In general, the 
fomlation is more indurated in its lower portions. The amount 
of induration varies greatly, in some cases being a barely per. 
ceptible hardening, and again ranging through various degrees 
to an extreme in which the rock becomes a compact almost 
vitreous quartzite, the thin slabs ringing like steel when struck 
with a hammer. Now it is certain that in such an unaltered, 
nearly horizontal and wholly undisturbed formation as this 
sandstone is, these indurations call not be in the nature of the 
ordinary orthodox regioDnl metamorphism through which the 
crystalline schists are generally believed to have passed. More
over, I had often observed a peculiar hardening and vitrifica
tion of both this sandHtone and that of the St. Peters, on ex. 
posed surfaces, which is plainly a result of weathering and 
therefore of a necessity wholly unlike such a thing as a general 
re-crystallization. This peculiar effect of weathering, which I 
have never until within a few weeks seen noticed in any publi. 
cation,* presents itself generally in the shape .)f a thin shell 
usually from a fraction of an inch to an inch in thickness, of 
lustrous, vitreous, watery-looking quartz. It is found also pro
ceeding inwards from the sides of joint cracks; and where the 

* In Geikie's Text Book of Geology, pp. 158, 333, the exposed blocks of Eocene 
sandstone which are known os "grey wethel's" ill Wiltshire, and which occur 

.again in the region of the Ardennes in France, are spoken of as becoming, under 
meteoric influences, a kind of lustrous quartzite. 
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rock is much jointed and exposed, the induration has some
times extended in for some distance. * 

In preparing my first material for the study of the quartzites, 
I selected the Huronian quartzites of the Baraboo Ranges of 
Sauk Co., Wisconsin, and, for comparison, the various vitrified 
and indurated forms of the Potsdam and St. Peter's sandstones 
above alluded to. Beginning first with the Baraboo quartzites 
I noticed at once in many sections, as viewed in ordinary 
light, a distinct clastic. structure, rounded grains of quartz, OLl t,. 
lined often by a little film of iron oxide, making up most of the 
section, but with a clear quartz in the intm'stices. Often some 
of the quartz grains would seem ill-defined, and look as though 
they melted away into the interstitial quartz; an appearance 
which has been noted by other observers in sections of the 
quartz-rocks of various regions. t In polarized light, however, 
it was often observed that all appearance of a clastic nature 
would disappear, instead of being more prominently brought 
out, as in an ordinary sandstone. In place of the rounded 
grains seen in the ordinary light, would now be seen onl.Y a 
mass of interlocking quartz areas, presenting every appearance 
of having crystallized in their present positions. Close study 
showed that the larger part of the quartz, that appeared in the 
ordinary light to be interstitial, polal'ized with the 1'Ounded gmins, 
i. e., the individual quartzes extended beyond the limits of the 
grains. If the apparently frngmental particles were truly so, 
this appearance could only be explained by a deposition of 
quartz in such a way as to have crystalline continuity with the 
original grains. 

1'hat the force of crystallization was able to finish a crystal, 
or to restore a broken crystal, after the lapse of many ages, 
was to me a new conception, and one which seemed to call for 
very rigid demonstration before acceptance. There was little 
difficulty in proving that the apparently frngmental quartzes 

* As an instance of a completely vitrified layer in the Potsdam of Wisconsin, 
may be mentioned the fossiliferous rock of Silver Bluff in the Trempealeau Valley, 
Jackson Co. (Geology of Wisconsin, ii, p. 0(6); as instances of a less cOlllpletely 
indurated rock, that of the quarry at Black lUver Falls depot, Jackson Co. (Geol. 
of Wis., ii, p. 5(6), that of the quarry near Grand Rapids, Wood Co. (Icl., p. ii64), 
that of the quarry near Stevens Point, Portage Co. (Id., p. 564), and that of the 
quarry at Packwaukee, Marquette Co. (Trl., p. 579); and as instances of the 
quu.rtzite-like weathering in the Potsdam, that of the Roche Ecrit Bluff near Friend
ship, Adams Co. (ld., p. 573), and of Peteuwell Peak on the Wisconsin River, 
Juneau Co. (Id., p. 572). St. Peters sandstone with a vitrified crust may be best 
seen on the bold rliff known as Clibraltar Bluff on the south side of the Wisconsin 
River in Columbia Co. (Id., p. 589). and in the isolated knob on top of the Arling
ton prairie, Columbia Co. (rd., p. 585). It should be said that at the time these 
places were descrilJed for the Geology of 'Wisconsin (187G), the writer had barely 
begun his acquaintance with microscopic lithology. whence it comes that these 
rocks have never been studied microscopically until now. 

t A. Geikie, Text Book of Geology. p. 127. 
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were indisputably of that nature, while the proof that such a 
thing is possible as the deposition of quartz upon a quartz sur
face, in such a manner as to be crystallographically continuous 
with it, was also forthcoming. At this stage of the investiga
tion I called to mind the description of rounded quartz grains 
enveloped in quartz crystals, given by the Rev. A. A. Young 
in this J oumal for July, 1882. Mr. Young had long before 
sent me specimens of the sand showing this peculiarity, but the 
time had not served for their study. Mounting some of them 
now in balsam, a moment's study with the microscope sufficed 
to show-what Mr. Young had not spoken of in his paper 
:referred to-that the enveloping water·clear quartz, furnished 
with crystal faces, was optically oriented with the enclosed 
rough-surfaced, rolled grains. In the loose New Lisbon sand· 
stone, then, the new quartz found room to develop crystalline 
faces, because of the small supply of silica, while in the Baraboo 
quartzites the supply of siliceous material was so large as to 
cause universal interference and irregularly outlined areas, 
whence the non·clastic appearance in polarized light, and the 
{)ccasional non-clastic appearance in the ordinary light when no 
iron oxide or rough surface was present to separate new and 
original quartz. 

Proceeding now to an examination of the remainder of my 
material, I soon found, as I had by this time anticipated, that 
the induration was of the same nature throughout-in St. 
Peter's and Potsdam sandstones, as well as in the Archrean 
quartzites-and, indeeo, that my sections showed a completely 
graded series from loose sandstone, in which the rolled grains 
were enveloped in crystals of deposited quartz, to the most 
compact and apparently non-granular quartzites, and. even to 
highly schistose quartzites with a clayey admixture in which 
mica flakes had developed. 

I may now describe briefly a series of specimens illustrating 
these different degrees of alteration, beginning with the least 
indurated. 

The first specimen is of the Potsdam sandstone from the 
qual'fies at New Lisbon, Wis.-the same as described by Mr. 
A. A. Young in this .Tournal for July, 1881. It is a very fine
grained, pink- and white-mottled sandstone, from which the 
light is reflected in numerous sparkling points. The indura
tion is distinct, but only slight, small fragments crumbling 
readily in the fingers. The crumbled sand, mounted in balsam, 
shows every grain edged with more or less of the deposited 
quartz, which is always optically continuous with the original 
grain. The line of junction between the new quartz and the 
old is always strongly marked, either by a contrast between 
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the clc::>u~iness and worr~ surface of the original grain and the 
pelluCldlty of the de.pc::>slted· q.uartz, or by the presence upon 
the surface of the ongInal gram of a coatlllg of oxide of iron. 
Only the smallest of the grains seem to show perfect crystalline 
faces, the supply of new quartz having been so great as to pro. 
?uce sOI?e interference i~l most cases .. This is. indicated b.y the 
IlldentatlOlls observable III the crystalhne outlInes, as shown ill 

figs. 1, 2 and 3, which represent grains of this sand as seen 

1. 2. 3. 

mounted in balsam. In tbis mounting tbe crystalline faces on 
the upper sides of the grains are not readily seen, but only the 
rough surfaces of the original grains, Rnd the crystal outlines of 
the deposited quartz. rrhe interference has, however, never 
extended very far, every grain showing some traces at least of 
the crystalline faces when viewed in a dl'.f mounting. Evi· 
dently the small amount of induration ill this Handstone is to 
be connected with tbis relatively slight amount of interference. 
As shown by 80r1y,* the most perfect crystalline outlines are 
to be met with in qnite unconsolidated sands, the quartz having 
then had full opportunity to develop perfect faces. In the 
figures drawn from the mountings of this sand, I have placed 
the three grains with their elasticity axes in a common 
direction. 

The second specimen on the list is from the Potsdam sand· 
stone of the quarry at the depot at Black River Falls, Wiscon· 
sin. It is a white, much coarser.grained, and perceptibly more 
indurated rock, than the last, but many crystalline facets of 
some size are perceptible. The cause of the greater induration 
becomes readily apparent when the balsam mounting of Cl"lliU. 

bled grains is examined. Every grain is coated with the de· 
posited quartz, and usually has a broader border than seen in 
the grains of the New Lisbon rock. Only here and there are 
to be seen traces of distinct crystalline outlines, many grains 
showing no linear boundaries at all, while no single grain is 
without evidence of the interference of its deposited quartz 
with that of some contiguous grain. In fig. 4, two of the 

* Op. cit., p. 37. 



R. D. £roving-St. Peters and Potsdam Scmdstones. 407 

grains of this rock are shown in contact, the line drawn on 
each indicating the position of its elasticity axis. On the upper 
side of the upper one of the two grains the 
pyramidal outline is apparent, but below the 
deposited quartz of this grain interferes with 
that of the next one, upon which no linear out
lines whatever are visible, the interference with 
the deposited quartz of contiguous grains hav
ing evidently been complete. 

The next specimen is one from an outlier of 
St. Petel's sandstone, ill the town of Arling
ton, Oolumbia 00., Wis. The larger part of 
the specimen shows a fine·grained, very loose, 
saccharoidal sandstone, in w bich there is almost 

4. 

no trace of induration, but in which numerous flashing points 
indicate the presence of crystal coatings to the grains. About 
one-fourth of an inch, however, on the weathered side of the 
specimen, presents the appearance of a completely vitreolls 
quartzite. Seen under the microscope a thin section of this 
vitrified crust shows plainly the original rounded grains of the 
sandstone, but everywhere between them a deposited quartz 
which is divided off' into areas coordinating optically with the 
original grains. The interference between the different areas of 
this deposited quartz has been nearly alwn,ys too great to allow 
of the formation of cl'ystalline outlines. Figs. 5 and 6 repre-

5. 6, 

sent portions of the section of this crnst, The smooth curved 
lines of the figllres show the outlines of the original grains, 
while the shading indicates the way in which the original and 
deposited quartz polarize together. 

The next specimen is one of St. Peter's sandstone from Gib
raltar Bluff, a very bold and prominent point on the south 
side of the Wisconsin River in the town of West Point, Oolum
bia 00., Wis. This rock is one which, if found anl0ng the 
crystalline schists, would undoubtedly be classed as a quartzite. 
It is a very much indurated, light-colored rock, in which a very 
fine arenaceous texture is perceptible only on the closest inspec
tion. The thin section of this rock in polarized light shows 
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only interlocking grains of' quartz. These interlocking grains 
are of two very different sizes, the larger ones predominating 
while the smaller here; and there fill up spaces between the 
larger. Close study of this section in ordinary light brings out 
the fact that each of the larger ones of these areas, and here 
and there one of the smaller ones, is made up of a rounded, 
smoothly outlined worn grain, and a border of deposited quartz, 
the border and the worn grain within polarizing together. The 
outlines of the bordering quartz are exceedingly irregular, the 
different areas interlocking with one another more or less intri
cately. I have attempted to represent a portion of this section 

'1. 

diagrammatically in fig. 7, the smoothly outlined areas of this 
figure representing as before the original worn grains and the 
different shading indicating the areas that are optically contin
uous. The lines marking the j unction of the original grains with 
the deposited quartz are marked sometimes by a difference in 
the purity of the two quartzes, but more especially by the pres
ence along the lines of flakes of ferrite and of numerous cavi
ties, the ferrite flakes evidently representing a ferruginous coat
ing on the surfaces of the original grains, while the cavities are 
plainly produced by the great irregularity of the surfaces upon 
which the new quartz was deposited. Some of the smaller areas 
of interstitial quartz above alluded to may have been wholly 
produced 'by deposition, the infiltrated quartz in this case not 
coordinating itself with original grains. It would evidently be 
difficult, however, to prove this to be the case, since the out
lines of the original grains are now perceptible only when they 
were well coated with iron oxide or were rough enough to pro
duce cavities in the deposited material. 

The next specimen is from the Archooan quartzite of Devil's 
Lake, Wis. As I have indicated elsewhere* the larger portion 
of the quartzite of this region is without arenaceous appearance, 
being usually of a non-granular, flakey texture, and of a color 

* Geology of Wisconsin, vol. ii, p. 505. 
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from nearly white, through gray, pink and purple to purplish
red, and even brick-red. Now and then a tendency to an are
naceous texture is observable, and occasionally small areas are 
little more than moderately indurated sandstone. It is from 
one of these least indurated portions that the present specimen 
is taken. The rock is only a little more indurated than that 
above described as from the Pots
dam of Black River Falls. The 
sand broken from this specimen 
and mounted in balsam is seen to 
be precisely like that of the Black 
River Falls rock, except that the 
interference has been too great to 
allow the formation of any crystal
line ontlines in the deposited quartz. 

8. 9. 

The rock is, however, much further from a true quartzite than 
either of those above described from the St. Peter's sandstone. 
Figures 8 and 9 represent grains broken from this rock. 

The sandstone thus described grades immediately into a more 
indurated rock. A specimen taken a few inches rom it shows 
a rock much like that of the St. Peter's at Gibraltar Bluff, both 
as to texture and amount of induration; and this resemblance 
is borne out by the appearance of the thin section, which 
shows-as does also that of the Gibraltar rock-rounded grains 
surrounded by elosely interlocking areas of deposited quartz 
coordinated optically with the original grains. The only dis· 
tinction of importance between this rock and that of Gibraltar 
Bluff is the presence in it, here anJ there, of an interstitial 
kaolinic material, made up of minute brilliantly polarizing 
flakes of kaolinite. Figure 10 is drawn from the thin section 

10. 

of this rock, the smooth curving lines as before, indicating the 
outl~nes of original grains, and the zigzag lines, the intersections 
of dIfferent areas of deposited quartz; while the shadings indi
.cate the manner in which the new quartz polarizes with the old. 

Within a few inches from the point at which the specimen 
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last described was taken, the rock has become hard, vitreous, 
purple quartzite, without trace of arenaceous appearance; in 
other words the ordinary quartzite of the region. The thin 
section of this rock, in polarized light, shows no trace what
ever of a fragmental origin, the grains being completely inter· 
locked, but in ordinary light, here and there, may be distinctly 
seen the rounded outlines of an original grain, polarizing 
with the deposited quartz surrounding it. As in the Gibraltar 
rock, so also in this section, there is much of a fine interlocking 
interstitial quartz which may have been in part or wholly 
deposited. 

A step beyond the last specimen described is shown by another 
from a point farther east, on the same quartzite range in the 
town of Caledonia, Columbia Co., Wis. MicJ"Oscopically this 
specimen shows numerous large quartz fragments embedded 
in a finer non-granular matrix, which is distinctly schistose, 
being apparently a clayey quartzite. At first sight the thin 
section of this rock seems to show no trace of fragmental origin. 
being made up of relatively large quartz particles embedded in 
a matrix composed o£ finer angular quartz particles anci. much 
of a kaolinic material. The quartz grains show throughout a 
tendency to have their longer axes in a common direction. 
Occasionally in the finer matrix are developed small but dis
tinct muscovite scales. Close study o£ the section brings out 
here and there the same feature as hereto£ore noted, namely, the 
presence in the interlocking angular quartzes of cores composed 
of rounded grains. r.I.'he section of this rock is indistinguishable 
from a number that T have examined of the argillaceous quartz
ites of the Lake Superior Huronian. 

It thus appears that the alteration which has produced from 
sandstone certain Archrean quartzites and q uartz·schists is of 
the same nature as the induration which affects-quite inde
pendently of any igneous action-irregular areas in wholly 
undisturbed and elsewhere wholly unaltered sandstones, and' 
even as the surface induration produced in some sandstones by , 
mere weathering. All of these changes are due to the deposi
tion of interstitial quartz in such a manner as to be crystallo
graphically continuous with the original clastic particles. 

The origin of the saturating quartz is a point of great interest_ 
In the case of the indurated crust it seems evident that the 

deposited silica has accumulated at the surface by evaporation 
and capillary action on a relatively minute quantity of a siliceous 
solution permeating the rock. The only probable origin for 
the silica in this solution seems to be in the action of the 
atmospheric watel'S upon occasional feldspar particles in the 
sandstone. A similar origin may be assigned for the silica of 
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most of the ind urated rock ot the St. Peter's and Potsdam sand
stones; but in some3ases there are indications that the indura
tion has followed lines of faulting, where the silica may be 
extraneous. * In the case of the Arcbman quartzites of the 
Baraboo region an extraneous source is suggested by the fre
q nent occurrence in these quartzites of strings and veins of 
white quartz, often supplied with cavities lined with quartz 
crystals. 

University of Wisconsin, Madison, Wisconsin, February, 1883. 




